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electrically coupled to the anode 16. A negative pole 43 of the controller 42 is 
electrically coupled to the seed layer 15 of the substrate via a plurality of contacts 255 

disposed around the periphery of the electronic ceil. 

Please replace the paragraph si pa ye 2, lines 14-24, with the following 
paragraph: 

The embodiment of contacts 256 depicted in FIG. 1 represents a simplified 
version in which the substrate does not rotate within the substrate support 14. 

Alternative embodiments of contacts (not shown) are intecrsled ^ rh^ vjbstrat^ support 

maintaining electric/current applied between the ancle and the seed layer of the 
substrate. The electrolyte cell -12 comprises an anode base 90 and an upper container 
segment 92. The anode 16 is mounted to the anode base 90 by anode supports 94. A 
feed through 96 supplies electrical power to the anode and the electrics! power is 

anode base SO by nuts and bolts, screws, or other suitably rerno ,'_ioiu Jovlcej to pormit 
the repair and/or replacement of the anode 16 or other components. . 

Tne piuraury ct contacts 25u are configured ro contact a p.auny surface "Id of the 
substrate that is immersed in an electrolyte solution contained in the electrolyte ceil 12 
to enable the deposition of metal on the substrate 48. The contacts 256 may take the 
form of a contact pin, a contact surface, or any known type of electrical contact. The 
contacts that are mounted about the periphery of a contact ring (not shown) are 
positioned to minimize irregularities of the electrical field applied to the seed layer 
formed on the plating surface 15 of substrate 48. 
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Please replace the paragraph at page 2, line 32, to page 3, line 9, with . the 

following paragraph; 

A substrate support 14 is pivotsbly mounted ubeve the upper op^ninc zr.i 
displaceable between immersed ar.d removed positions. When the substrate support 
14 is pivoted into the removed position, the attached substrate is removed upwardly 
from the electrolyte cell 12. When the substrate support 14 is pivoted into the inserted 
position, the attached substrate is pivoted downward such thai the plating surface 15 of 
the substrate 48 Is immersed in electrolyte solution contained in the electrolyte cell. 
While in the immersed position, metal ions (typicstfy rnnper or a copper aHoy> ^on^innd 

The substrate support 14 keeps the subsirate connected to the substrate support when 
desired (for example using vacuum chucking, etc.). 

Please replace the paragraph at page 5, line 29 to page 6, line 2, with the 
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- After "considering the following -description, those ..skilled in the art will clearly 
realize that the teachings of this invention can be readily utilized in metal ion deposition 

improves the uniformity of the current density applied across a seed layer on a 
substrate (e.g., wa/eo. 

Please replace the paragraph at page 6, lines 9-16, with the following paragraph: 

FIG. 2 is a cross sectional view of a fountain plater 10 having an electroplating 
cell 200 according to one embodiment of the invention. The electroplating celt 200 
comprises the programmable anode 202. The programmable anode 202 is configured 
to provide for independent control of the electric current passing through certain 
segments of the anode. The control of individual currents passing through respectiv 
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Individual segments of the anode provides variation of the electric field in the electrolyte 
solution contained in the electrolyte cell that can modify the metal deposition 

uniformity/non-uniformity across the substrate. 

Please replace the paragraph at page 6, lines 17-29, with the following', 
paragraph; 

In the embodiment shown in FIG. 2, the anode 202 comprises a plurality of 
anode segments 203a, 203b. 203c, and 203d, with each one of the anode segments 
formed from such materials as a high purity, oxygen free, copper (Cu). Eac^ <v f ^ 

substantially coplanar upper segment surfaces 205a, 205b, 205c, and 205d. While four 
anode segments 203a, 203b, 203c, and 203d are shown in FIG. 2, any suitable number 
may be provided. Additionally, each one of the plurality of anode segments 203a, 203b, 

^ 0 7 b 207c 2 id 2^ 7d i n su 1 3 ti i? n zon n 3 ~V ~ ^ m ^ m ^ ^ rs 210 go n ^ or;* t *f ' ~t % • "* ' "* t ~ ^ ^ c " 
the plurality, of anode segments 2:07a, 207b, 207c, and 207d. The anode 202 typically 
comprises a hydrophilic membrane 87 as shown in the embodiment shown in FIG. 1 

Pleose replace 'he paragraph at page 6. line 30 to page 7, Iin.3 *!2, w'th the 
foilowiny paragrap ".: 

The anode 202 is confTgured as a modular assembly that provides for secure 
positioning and relatively easy replacement of the assembly and the anode segments. 
Anode support 94 extends between, and is connected to, the anode base 90 and at 
least one anode segment of the anode 201- Replaceable fasteners such as nuts, bolts, 
etc. can be used to connect the anode support 94 to the anode base 90 and the anode 
support 94 to at least one of the anode segment 203a, 203b, 203c, or 203d. In.sulatlve 
support members 210 physically support each anode segment 203a, 203b, 203c, and 
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203d relative to an adjacent anode segment (as shown in FIG. 5). The insulative 

support member 210 is formed of an insulative material that limits electric current 
passing between adjacent anode segments 203a, 203b, 203c, and 203d, such that 
each anode segment can be individually electrical;*/ biased to a sep^roie potential. The 
anode support 94 and the insulative support members 210 Interact to m^nie^ csch e; 
the anode segments 203a, 203b t 203c, and 203d fixed in position relative to the anode 
base 90 and the remainder of the electrolyte cell 12 during operation, whiie keeping 
each one of the anode segments 203a, 203b, 203c, and 203d relatively insulated from 
one another and from the cell wall. 

paragraphs: 

Portions of the anodes 202 are consumed by the electroplating process, resulting 

in the production of anode sludge. Portions of the anode being consumed results in the 

anode is often inconsistent. Therefore, regulyr anode replacement is necessary to 
maintain uniform electric field generation within the electrolyte cell. When the -anode 
202 does become irregularly shaped due to portions of the anode being consumed, or 

mount 90 after removing the fasteners that connera these two elements. The anode 
202 is then disconnected from the anode base 30, and the anode 202 is removed as a 
modular unit A replacement modular anode 202 is then inserted and connected to the 
anode base 90. The upper container segment is then repositioned and fastened to the 
anode base, and will appear in the assembled position as shown in FIG. 2. In another 
embodiment, the anode 202 and the anode base 90 can be provided as a single 
modular unit. In this latter embodiment, another modular anode 202/anode base 90 unit 
is provided to replace the anode base 90 connected to the consumed anode 202* The 
upper container segment is then repositioned and fastened to the anode base in the 
position shown in FIG. 2. 
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Please replace the paragraph at page 7, line 31, to page 8, line 11, with the 
following paragraph: 

Each one of the plurality of anode segments 203a, 203b, 203c, and 203d srs 
electrically connected to the controller 254 ty rccp 3Ct;vo e\ecY\zi\ ccnl^r^j or feed- 
throughs 206a, 20Sb, 206c, and 206d that extend through the electrolyte cell 12 
(preferably through the anode base 90). Ths feed-throughs 206a, 206b, 206c, and 
206d are individually insulated by a coating such as an elastomeric or insulative plastic. 
The costing limits diroct chemical or niecbloa! ron^i";? 7-" :i h tno o^trrVy 1 -^ -o'f; i: ^ ^ ir-i 

mernoers 9& rigidiy and insulawelv supoort cU iciest o.!-; ^no'io segment 203a, 203o P 
203c, and 203d relative to the electrolyte cell 12. Although the anode segments 2Q3a t 
203b, 203c, and 203d are depicted as being cylindrical or ring-shaped, any suitable 
anode configuration may be utilized where the anode is segmented into a plurality of 

be rectangular as depicted in FIG. 6 and do.j»;.r:b^.! U/w.\. 

Please replace the paragraph at page 9, lines 4-10, with the following paragraph: 

whooe shape can bo ccnToilably adjusted, ^ho -jo^ro''^:/^ electrical fold produced by 
the programmable anode 202 results in generation pi a comroiiaole electric current 
density across the seed layer on the substrate. The controller 254 controls the shape of 
the electromagnetic field generated by the combined effects of the plurality of the 
individual anode segments 203a, 203b, 203c, and 203d by controlling the electric, 
current supplied to each individual anode segment 203a, 203b, 203c, and 203d. 

Please replace the paragraph at page 10, lines 1-13; with the following 
paragraph: 
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The metal ions are dissociated from within a volume of the electrolyte solution 

(including e.g. copper sulfate) into positively charged copper ions and negatively 
charged sulfate ions. The copper ions in the region of the sub^tra^o/cathode are 
attracted to Ihe seed layer on the substrate. The excess cf sulfab ion:- remaining in th^ 
electrolyte solution contributes to the formation of a repletion region 270 ad::?2cnt to the 
distinct anode segments 203a, 2C3b, 203c, and 2C2c. ThL 3 dijj^utrxj m;;:cl ions nro 
deposited on the seed layer on the substrate 43. Increasing the electrolyte solution flow 
from the input port 80 (and the corresponding electrolyte solution output flow oyer the 
annular weir portion 82) provides for decreasing the physical size of the depletion region 

in*; proceso oi ois^>j.-)n; i^j me/>J ions rrom tne coj:w s'J<n:e e;:utlnt.;^j wh^'ri 
dissociated metal ions may be deposited on the seed layer. 

Please replace the paragraph at page 10, lines 14-30, with the following 

- -A reference- sensor 250- is .shown positioned in close proximity, but spaced from, 
a substrate 48 positioned for a plating operation (for example, in the contact ring 230). 

^■.I'f^tce 15 of the ^nhstrnt^ 43. The reference sensrv 250 is positioned F ^r ^ 
po-;s;h!e from ary 2H3 supplying currsnt/voltigo "o l h?. r^^t^to. "h : : ;^ys:ca! 

isolation of the rererenoe sensor 250 from contacts 2oo limit the electneal effects 
resulting from a contact that is proximally located to the reference sensor. The electric 
current density in the seed layer on the substrate is partially determined by an electric 
field generated in the electrolyte solution contained in the electrolyte cell 12. When the 
other electrolyte solution properties are held constant, the electric field and the current 
density generated in the electrolyte solution is controlled by several factors including 
controlling the electric current flowing through the different ones of the individual anode 
segments 203a, 203b ( 203c and 203d of the anode 202 as well as chanjging the shape 
and configuration of the anode. Therefore, the surface potential monitored adjacent the 
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surface of the substrate by the reference sensor 250 provides an indication of the effect 

of the current flowing in the individual anode segments 203a, 203b, 203c, and 203d of 
the anode 202. 

Please replace the paragraph at r^Qe 12, lines 19-31, with thj following 
par-seraph: 

The anode segment 702a can be shifted horizontally to the anode segment 702b 
in an alternate embodiment of programmable anode, still referring to FIG. 7. Assume 

that it is de'emnined by -h» reference sensor 250 >.)r.** the cu^ni rionsFy ; s rot »h^ 

! ' ft.. ^ U t- ■ V - * ■ ' .. . '"N 

> z."..'. ■ \ ) l : O.- -- - ' ■' •'■> ■ : » - »■-* i t . .* \*. . ^ . , .... ...... ^- - -.j, : , v_-. . ; ' . 

The relative positions of the axis 704a and 704b of the anode segment 702a or 702b 
can be adjusted by loosening a clamping mechanism (not shown) that secures either or 
both of the anode segments 702a : 702b relatively in position. Anode segment(s) 702a 

segment, the dnmo'ng ,mechao ; sm is re damped to maintain The anode segments 702a 
and 702b in position. Additionally, the thickness of certain portions of the anode 
segments can be altered as shown by arrows 706a and 706b to alter the current density 

annli?>d to soecifir, locations of the seed iaver on the substrate -«s desired 

pjogsQ r^niqre the ogrgor^oh a r . oage 14. fines 1 '^-2^ w'th t hrt rVvitov/T**/ 1 
paragrt3pn." 

The instantaneous gradient current density value is a function of the 
voltage/current in each anode segment as well as the voltage/current in the contacts 
256. For example, gradient current density value 806a represents when only the inner 
anode segment 203a shown in FIG. 2 is energized. Gradient current density value 
806b represents when only anode segments 203a and 203b are-energized. Gradient 
current density value 806c represents when only anode segments 203a, 203b, and 
203c are energized. Gradient current density value 806d represents when all of the 
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anode segments 203a, 203b, 203c, and 203d are energized. As "shown in FIG. 8, as 

different combinations of the anode segments 203a, 203b, 203c, and 203d arc 
energized, the instantaneous gradient current d?n:.:ty value will vsry. Tpj r^dlsnt 
current density values 805a, 806b, 806c, and 805d shown in FIG. 8 ore :;::n ^^ry jr. 
nature, and are provided on a dimonsionlcss tcala. The total gradient currant density 
value 803 represents the sum of the instantaneous gradient current canity values 
806a, S06b, 306c, and 306d for each seed layer location during the period that' metal 
ions are being deposited across the substrate. The total gradient current density values 
should be substantially constant from the periphery to the center of the seed layer to 

pioase r epiac^ t;V; pn^yraph at p jij /a to pac;\? 15. !i r :' j "\ '''^ * 
following paragraph: 

The controller 254 can aiter the duration and/or current level applied from each 

compensate for the nan uniform current density existing across the face of tha aeod 
layer. The non.-uniformi.ties exist. because the contacts. are posjtjoned. closer to the 
periphery 102 of the substrate than the center 104 of the substrate as described above. 

203c, and 203d acraas the width of the oronri^m^!^ ~<ooda 202 -om^r--^ — ^ 
provide d amronr. oj,', -^..* ■ ..^a.w -icro^o * - oy '.jonLra^mc 

current applied through the individual anode segments 203a, 203b, 203c, and 203d, the 
current density near the center 104 of the seed layer on the substrate can be adjusted 
relative to the current density near the periphery 1 02 of the seed layer on the substrate. 

Please replace the paragraph at page 16, lines 3-20, with the following 
paragraph: 

The method 300 then continues to step 304 in which the controller 254 applies 
electric voltage/current at a prescribed level to actuate the Inner anode segment 203a. 
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The method 300 then continues to step 306 where the controller 254 waits for a 

prescribed duration during which time the electric voltage/current applied during step- 
304 continues to be applied to only the inner enede segment 202 3. The* cppi:;:-?t:^ ?! 
electric voltage or current tc ihe inner an~co -^irx.nt 202d Iz ^r^inci "r iU ':^r 2 \Z. 
When on!y inner anode segment 203a (and not n.node segments 203b. 203c, p.nd 203d) 
is actuated, a higher current density is applb:; tc th- cor.ter 104 of Iho seed !.\y v cn t/.: 
substrate 48 than to the periphery 102 of the seed layer on the substrate 48. Energizing 
inner anode segment 203a results in the current density being higher near the center of 
the seed layer compared to the side of the seed layer. This higher current density 

t rom dnv anocie coon^rK co c r t e j. n^ar^s*. ^ < i :iy . <v ? .: : ;;u u » -:oio _m ^ ^ .* . ; o » 
portions of the seed layer, as .described above. During the period that only the inner 
anode segment 203a is actuated, the rate of metal ion deposition performed within the 

electroplating eel! 200 is higher near to the center 104 of the seed layer 15 of the 

Please replacethe ^ paragraph st page 20, line 22 to page 21, line 4, with the 
following paragraph: 

The reference sensors 250 may he any of 'he vnnotv of sensors that enn ^on^ 
.■^n, o-^ic/ j.» Ij,*." c- >h * . ■ h:-:r:bcd above. 3r u - 

controller 254 in this embodiment considers surface potential across the substrate, if 
only one reference sensor is used, then the surface potential at different locations have 
to be assumed. Such assumptions can result from an empirical knowledge of the 
electroplating process, or quantitative measurements at certain locations within the 
electroplating cell 200 assuming that the measured values do not change. Any variation 
in monitored electric current values on the substrate 48, as sensed by the reference 
sensors 250 described above, is fed into the controller 254. The controller 254 alters, 
the electric current' applied to the anode segments 203a, 203b, 203c, and 203d to 
control the electric current density applied across the seed layer on the substrate. The 
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embodiment in FIG. 4 is directed at controlling the voltage/current applied to the distinct 

anode segments 203a, 203b, 203c, and 203d making the sensed current d3nsity across 
the seed layer on the substrata subctr.r^'ly uniform. \\ :: ~:r~ pr:c :u !.: — n: u h: V ,*: 
twchiny;; cf th/:. FIG. 4 embodiment v,;th t u : FIC. P ;..r>- - ! \v; 't ; 

thus regulating the duration that each ano;!3 ?e-Tient is enorgiz-d. 

Please replace the paragraph at pace 21, lines 5-13, with the following 
paragraph: 

'h? -o,::rj;; - ;.^;:r..;;;y ::> o>/;.- >. - - ;>! :"v\/ rj; . ; - .>.*;.■.. 

203a, 203b, 203c, 203d (See FIG. 2). During step 404, the current/voitage levels 
applied to each one of the plurality of anode segments is initially preferably at a single 

voltage level Thus, the electric field generated by the anode 202 to the substrate 43 

process chamber 223 in the electrolyte solution (ouch uniformity excludes boundary 
conditions adjacent the walls), 

foiio'vinrj psrnqr.~oh: 

Method 400 continues to step 406 in which the controller 254 senses the 
irregularities in electric field applied to the cathode from the anode, and the resultant 
surface potential on the surface of the substrate 48. A dummy substrate may be 
provided having sensors embedded therein such that the dummy substrate Is inserted 
in the electroplating cell in a manner similar to an actual substrate. The anode 202 is 
then energized, along with electric fields applied to contact points 256. Method 400 
continues to step 408 in which the controller 254, based on sensed non-uniform'rties in 
the electromagnetic field to the cathode, determines whether to adjust the electric field 
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